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NASA Case No. MFS-28139-1 

Space Ultra-Vacuum Facility and Method of Operation 

Technical Abstract 

This invention relates to a wake shield facility which 
provides an ultra-high vacuum level for space processing. 

The facility has a wake shield 12 in the shape of a 
truncated, hollow hemispherical section, one side 14 of the 
shield being convex and other side 24 concave. The shield 
surface is preferably made of material that has low 
out-gassing characteristics such as stainless steel. A 

material sample supporting fixture in the form of a carousel 
16 is disposed on the convex side of the shield at its apex. 
Movable arms 18, also on the convex side, are connected by 
the shield by means not shown in proximity to the carousel, 
the arms supporting processing fixtures 20, 22 and providing 
for  movement of the fixtures to predetermined locations 
required for producing interations with material samples. 
For MBE processes fixture 18 is a gun that produces and 
projects a stream of vaporized material onto a sample surface 
to deposit a thin layer of material in a controlled manner. 
Fixture 22, mounted on another arm 18, is a surface 
diagnostic instrument including optical components for 
observing the deposition process and providing information 
necessary for process control. The fixtures are oriented to 
face the surface of the sample being processed when in their 
extended position, and when not in use they are retractable 
by arms 18 to a storage position as shown in phantom for 
fixture 20. Concave side 24 of the shield has a support 
structure 26 including metal struts 28 and 30 connected to 
the shield and extend radially inward. The struts are joined 
to end plate 32 disposed parallel to the outer edge of the 
shield. Grappling fixture 34, include a rod 36 secured to 
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grappling knob 38, is disposed outward from plate 32 to 
enable grasping of the shield by a boom arm during deployment 
and retrieval. Support packages for equipment which is not 
required to be in close proximity to the processing site are 
disposed on the concave side of the shield. 

Novelty of the invention resides in the use of a wake 
shield that is disposed convex toward the wake direction 
during operation, with support equipment being located on the 
opposite side. This arrangement eliminates any walls in the 
line of sight of the surface to be processed and prevents 
outgassing molecules from support equipment from drifting 
behind the shield. Various sources of contamination are thus 
avoided. 

Inventor: Robert J. Naumann 
Employer: NASA/MSFC 

Patent Application Serial Number: 911,851 
Date Filed: September 26, 1986 
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NASA Case N o .  MFS-28139-1 P A T E N T  

Space U1 tra-Vacuum F a c i l  i t y  
and 

Method of  Opera t ion  

05 O r i g i n  o f  t he  Inven t ion  

The i n v e n t i o n  desc r ibed  he re in  was made by an employee o f  t h e  
United S t a t e s  Government and may be manufactured and used by 
o r  f o r  t h e  Government f o r  governmental purposes  w i t h o u t  t h e  

10 payment of  any r o y a l t i e s  thereon  o r  t h e r e f o r .  

Background of  t h e  Inven t ion  

T h i s  i n v e n t i o n  r e l a t e s  t o  p rocess ing  of m a t e r i a l s  a n d  more 
15 p a r t i c u l a r l y  t o  appa ra tus  f o r  p rocess ing  m a t e r i a l s  i n  space  

u n d e r  u l t r a - h i g h  vacuum l e v e l s .  

At ta inment  of  the  u l t r a - h i g h  vacuum c o n d i t i o n s  required f o r  
c e r t a i n  m a t e r i a l  processing a p p l i c a t i o n s  has been a 

20 con t inuous  problem. For example, i n  growing t h i n  f i lms by 
molecular  beam e p i t a x y  (MBE), atoms a r e  t y p i c a l l y  b e i n g  
d e p o s i t e d  on a t a r g e t  s u r f a c e  a t  t he  r a t e  of  1015cm2/sec, 
which co r re sponds  t o  a f i l m  growth of 1 micron per hour.  A t  

- 1 2  t h i s  growth r a t e  a background vacuum leve l  o f  10 -I1 t o  10 
25 t o r r  can i n c o r p o r a t e  a s  much a s  1 ppm i m p u r i t y  i f  t he  

con tamina t ing  molecules  chemisorb on the  s u r f a c e .  T h i s  would 
present  an unacceptab ly  h i g h  dopant  l e v e l  i f  t h e  impur i ty  i s  
e l e c t r i c a l l y  a c t i v e .  Residual backgrounds o f  H20, 02,C0, 
C o p s  C H q s  N2, v a r i o u s  s i l i c o n e s  and metal o r  semi-metal  atoms 

30 a r e  p a r t i c u l a r l y  troublesome. The M B E  p rocess  i s  e s p e c i a l l y  
s u s c e p t i b l e  t o  chamber contaminat ion ,  and g r e a t  c a r e  must be 
taken  t o  a v o i d  in t roduc ing  any ex t r aneous  m a t e r i a l s  i n t o  an 
MBE chamber f o r  f e a r  of ru in ing  a very  expens ive  f a c i l i t y .  
T h i s  e s s e n t i a l l y  r e q u i r e s  a ded ica t ed  chamber f o r  each 
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p a r t i c u l a r  t y p e  o f  p rocess  a n d  r e s t r i c t s  expe r imen ta t ion  w i t h  
v a r i o u s  m a t e r i a l s ,  f o r  example mixed 1 1 1 - V / I I - V I  sys tems.  A s  
a r e s u l t  o f  t h e s e  d i f f i c u l t i e s  M B E  has been kept  i n  t h e  realm 
o f  a r e s e a r c h  p rocess  a n d  i t s  development h a s  been r e t a r d e d  

e p i - l a y e r s  and s u p e r l a t t i c e s .  
05 d e s p i t e  i s  s i g n i f i c a n t  promise f o r  growing p r e c i s i o n  

Conventional u l t r a - h i g h  vacuum chambers can a t t a i n  vacuums i n  
t h e  rage o f  10 -lo t o  lo"*, b u t  they r e q u i r e  e x t e n s i v e  

10 bake-out and o the r  time-consuming maintenance. In a d d i t i o n  
t o  t h e  problems. .ment ioned  above,  t h e s e  systems have 
d i f f i c u l t y  i n  ma in ta in ing  good vacuum i n  t h e  p re sence  of 
l a r g e  gas l o a d s  such a s  those involved i n  g r o w i n g  t h i n  f i lms 
by me ta l -o rgan ic  chemical v a p o r  d e p o s i t i o n  ( M O C V D )  o r  i n  t h e  

1 5  presence  o f  high hea t  l oads  i n  d e p o s i t i o n  on s u b s t r a t e s  t h a t  
a r e  heated t o  improve t h e  mob i l i t y  o f  t h e  ad-atoms, o r  i n  t h e  
ul t r a - p u r i f i c a t i o n  processes  where samples a r e  hea ted  t o  
remove i m p u r i t i e s  by evapora t ion  o r  o t h e r  means. 

20 Use o f  t h e  vacuum environment o f  o u t e r  space f o r  performing 
ul t r a - h i g h  vacuum process ing  h a s  been proposed f o r  many 
y e a r s .  I n  gene ra l  t h e  p r i o r  concepts  use a s h e l l - s h a p e d  wake 
s h i e l d  i n  which t h e  process  i s  c a r r i e d  o u t ,  t h e  wake s h i e l d  
being d isposed  t o  t r a i l  behind an o r b i t i n g  v e h i c l e .  In t h e  

s h i e l d  would be a t t a c h e d  by a t e t h e r  o r  long t e l e s c o p i n g  boom 
a n d  flown b e h i n d  t h e  Space S h u t t l e  with t h e  open end o f  t h e  
hemisphere f a c i n g  the  wake d i r e c t i o n .  The m a t e r i a l  be ing  
processed a s  wel l  a s  process  equipment a n d  suppor t  packages 

30 w o u l d  a l l  be l o c a t e d  on  t h e  concave s i d e ,  f a c i n g  t h e  wake 
d i r e c t i o n .  T h i s  concept  f u r t h e r  envis ioned  c l o s i n g  t h e  
s h i e l d  with a hinged matching hemisphere,  pumping t h e  system 
down a n d  baking i t  o u t  p r i o r  t o  loading  on t h e  S h u t t l e .  
A u x i l l a r y  p u m p i n g  would l i k e l y  be r equ i r ed  t o  ma in ta in  t h e  

35 vacuum u n t i l  deployment on o r b i t ,  when t h e  hemisphere would 
b e  opened. 

2 5  concept  s t u d i e d  i n  most d e t a i l  a hemispherical  she l l  wake 
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The prior wake s h i e l d  concept p r e s e n t s  weaknesses i n  
o b t a i n i n g  t h e  d e s i r e d  u l t r a - h i g h  vacuum l e v e l s .  The w a l l s  o f  
t h e  hemisphere,  which p a r t i a l l y  surround t h e  s u r f a c e  be ing  
p rocessed ,  can a c t  a s  a source of contaminat ion  a n d  nega te  
some of t h e  advantages  of  u s i n g  t h e  vacuum o f  space .  Also ,  
t h e  curved p o r t i o n  o f  t h e  wa l l s  f a c e  i n  t h e  ram d i r e c t i o n .  
Residual a tmospher ic  molecules s t r i k i n g  t h e s e  w a l l s  can 
become accommodated and r e -emi t t ed  w i t h  thermal v e l o c i t i e s .  
The geometry o f  t h e  system i s  s u c h  t h a t  t h e s e  thermal  
molecules can g e t  b e h i n d  the  s h i e l d .  S ince  they  a r e  
t r a v e l i n g  a t  m u c h  s lower  v e l o c i t i e s  t h a n  t h e  ambient 
molecules ,  t h e  thermal molecules can  b a c k s c a t t e r  ambient 
molecules i n t o  t h e  r eg ion  p r o t e c t e d  by t h e  s h i e l d .  This  
w o u l d  probably be the  l i m i t i n g  f a c t o r  i n  t h e  l e v e l  of vacuum 
a t t a i n a b l e  by such a s h i e l d .  

I t  i s  t h e r e f o r e  an o b j e c t  of t h e  inven t ion  t o  p rov ide  a n  
ul t r a - h i g h  vacuum process ing  f a c i l i t y  i n  which contaminat ion  
i s  i w i w w m +  . . .  . ~ r i c r a 1 1 9  e Iir*(;y,deJ 

20 
Another o b j e c t  i s  t o  provide a wake s h i e l d  space  vacuum 
f a c i l i t y  i n  w h i c h  b a c k s c a t t e r  o f  contaminants  o n t o  s u r f a c e s  
being processed i s  m i n i m i z e d .  

25 Another  o b j e c t  i s  t o  provide a method o f  deploying  a wake 
s h i e l d  f a c i l i t y  i n  a manner such as  t o  provide f o r  c l e a n i n g  
a n d  b a k e - o u t  of  t h e  s h i e l d  s u r f a c e  on t h e  s i d e  where 
p rocess ing  i s  c a r r i e d  o u t .  

30 
Summary of t h e  Invent ion  

35 

In  t h e  p r e s e n t  i n v e n t i o n  a t runca ted  hemispher ica l  wake 
s h i e l d  i s  used ,  w i t h  t h e  m a t e r i a l  t o  be processed  b e i n g  
l o c a t e d  a t  t h e  apex on the convex s i d e ,  f a c i n g  t h e  wake ' 

d i r e c t i o n .  Necessary s u p p o r t  equipment f o r  t h e  f a c i l i t y  such 
a s  power s u p p l i e s ,  e l e c t r o n i c  suppor t  modules a n d  c o n t r o l  
moment gyroscopes a r e  loca t ed  on  t h e  concave s i d e  f a c i n g  t h e  
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ram d i r e c t i o n .  T h i s  arrangement p r e s e n t s  s e v e r a l  advantages 
a n d  a v o i d s  problems a s s o c i a t e d  with t h e  p r i o r  a p p r o a c h .  
There a r e  no Walls t h a t  could s e r v e  a s  s o u r c e s  o f  
c o n t a m i n a t i o n  in  t h e  l i n e  o f  s i g h t  of t h e  s u r f a c e  t o  be 

equipment a r e  prevented from d r i f t i n g  behind t h e  s h i e l d .  The 
arrangement  a l s o  p reven t s  a tmospheric  molecules  t h a t  a r e  
accommodated on t h e  forward f a c e  o f  t h e  s h i e l d  from b e i n g  
r e - e m i t t e d  i n  t h e  wake d i r e c t i o n .  B a c k s c a t t e r i n g  of ambient 

c o l l i s i o n  w i t h  t h e s e  thermal molecules i s  t h e r e f o r e  
p reven ted .  

05  p rocessed .  Any outgass ing  molecules from t h e  suppor t  

10 a tmospher i c  molecules o n t o  t he  p rocess ing  s u r f a c e  u p o n  

Br ie f  Descr ip t ion  o f  t h e  D r a w i n g s  
15 

F i g ,  1 i s  a schematic view s h o w i n g  t h e  sequence o f  
s t e p s  used in  deployment, p r e p a r a t i o n  f o r  o p e r a t i o n ,  
o p e r a t i o n  a n d  r e t r i e v a l  of t h e  u l t r a - h i g h  vacuum f a c i l i t y ;  

20 F i g .  2 i s  a n  e l e v a t i o n a l  view, p a r t l y  i n  s e c t i o n ,  
of a wake s h i e l d  vacuum f a c i l i t y  embodying t h e  i n v e n t i o n ;  

F i g .  3 i s  a p i c t o r i a l  view, p a r t l y  c u t  away, 
s h o w i n g  a ca rouse l  device  used f o r  s u p p o r t i n g  a n d  p o s i t i o n i n g  

2 5  sample s u r f a c e s  f o r  p rocess ing ;  

F i g .  4 i s  a s e c t i o n a l  view taken t h r o u g h  l i n e  4-4  
of F i g .  2 s h o w i n g  one embodiment of a d e v i c e  f o r  p r o j e c t i n g  
p r o c e s s  m a t e r i a l  v a p o r  o n t o  a sample s u r f a c e ;  

30 
F i g .  5 i s  a s e c t i o n a l  view taken  t h r o u g h  l i n e  5-5 

o f  F i g .  2 showing ano the r  embodiment  of such a dev ice ;  

F i g .  6 i s  a c u t  away view s h o w i n g  b a c k s c a t t e r  a n d  
35 o u t g a s s i n g  phenomena a s s o c i a t e d  w i t h  t h e  p r i o r  a r t  wake 

s h i e l d  arrangement a n d ;  

f rom t h e s e  phenomena i s  prevented in  t h e  p r e s e n t  i nven t ion .  
Fig.  7 i s  a c u t  away view showing how contaminat ion 
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D e s c r i p t i o n  o f  a P r e f e r r e d  Embodiment 

R e f e r r i n g  t o  Fig.  2 of t h e  drawings a space vacuum process ing  
f a c i l i t y  i s  s h o w n .  The appara tus  10 has a wake s h i e l d  1 2  i n  

05 t h e  shape o f  a t r u n c a t e d ,  h o l l o w  hemispher ica l  s e c t i o n ,  one 
s i d e  1 4  of  t h e  s h i e l d  being convex a n d  t h e  o t h e r  s i d e  24  
concave. The s h i e l d  s u r f a c e  i s  p r e f e r a b l y  made of m a t e r i a l  
t h a t  has low ou t -gass ing  c h a r a c t e r i s t i c s  such a s  s t a i n l e s s  
s t e e l .  A m a t e r i a l  sample suppor t ing  f i x t u r e  i n  t h e  form of  a 

10 c a r o u s e l  16 i s  d isposed  on the convex s i d e  o f  t h e  s h i e l d  a t  
i t s  apex.  Movable arms 18, a l s o  o n  t h e  convex s i d e ,  a r e  
connected by t h e  s h i e l d  by means n o t  shown i n  proximi ty  t o  
t h e  c a r o u s e l ,  t h e  arms suppor t ing  p rocess ing  f i x t u r e s  20 ,  2 2  
a n d  p rov id ing  f o r  movement o f  t h e  f i x t u r e s  t o  predetermined 

15 l o c a t i o n s  r e q u i r e d  f o r  p r o d u c i n g  i n t e r a c t i o n s  wi th  m a t e r i a l  
samples .  F o r  MBE processes  f i x t u r e  18 i s  a g u n  t h a t  produces 
a n d  p r o j e c t s  a s t ream o f  vaporized m a t e r i a l  o n t o  a sample 
s u r f a c e  t o  d e p o s i t  a t h i n  l a y e r  of m a t e r i a l  i n  a c o n t r o l l e d  
manner. F ix tu re  2 2 ,  mounted on a n o t h e r  arm 18 ,  i s  a s u r f a c e  

obse rv ing  t h e  d e p o s i t i o n  process  a n d  p r o v i d i n g  in format ion  
necessa ry  f o r  process  c o n t r o l .  The f i x t u r e s  a re  o r i e n t e d  t o  
f a c e  t h e  s u r f a c e  of t h e  sample being processed  when i n  t h e i r  
ex tended  p o s i t i o n ,  a n d  when n o t  i n  use they  a r e  r e t r a c t a b l e  

f i x t u r e  20. 

20 d i a g n o s t i c  ins t rument  inc luding  o p t i c a l  components for  

25 by arms 18 t o  a s t o r a g e  p o s i t i o n  a s  shown i n  p h a n t o m  f o r  

C o n c a v e  s i d e  24  o f  t he  s h i e l d  has a s u p p o r t  s t r u c t u r e  26 
i n c l u d i n g  metal s t r u t s  2 8  a n d  30 connected t o  t h e  s h i e l d  and 

30 ex tend  r a d i a l l y  inward. The s t ruts  a r e  j o i n e d  t o  end p l a t e  
32 d i s p o s e d  p a r a l l e l  t o  t h e  o u t e r  edge of t h e  s h i e l d .  
Grappl ing  f i x t u r e  34, inc lude  a r o d  36 secured  t o  g rapp l ing  
k n o b  38, i s  disposed outward from p l a t e  32 t o  e n a b l e  g r a s p i n g  
of t he  s h i e l d  by a boom arm d u r i n g  deployment a n d  r e t r i e v a l .  
S u p p o r t  packages f o r  equipment which i s  n o t  r e q u i r e d  t o  be i n  
c l o s e  p r o x i m i t y  t o  t h e  process ing  s i t e  a r e  d isposed  on  t h e  
concave s i d e  o f  t h e  s h i e l d .  Such packages i n  t h e  embodiment 
shown i n c l u d e  power supp l i e s  4 0 ,  42,  an e l e c t r o n i c  con t ro l  

35 
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package 44  and a c o n t r o l  moment gyroscope ( C M G )  package f o r  
o r i e n t i n g  t h e  s h i e l d  i n  any r e q u i r e d  d i r e c t i o n .  A d o c k i n g  
r i n g  4 8  may be provided a s  necessary  f o r  deployment o r  
placement i n  t h e  Space S h u t t l e  o r  Space S t a t i o n .  

Fig.  3 shows a c a r o u s e l  f i x t u r e  5 0  f o r  s u p p o r t i n g  m a t e r i a l  
samples and moving them i n  p o s i t i o n  f o r  p r o c e s s i n g .  T h e  
c a r o u s e l  i n c l u d e s  a c y l i n d r i c a l  metal h o u s i n g  52 i n  which a 
r o t a t a b l e  c y l i n d r i c a l  s u p p o r t  block 54 i s  d i s p o s e d .  A 

10 p l u r a l i t y  o f  sample a s sembl i e s  56 a r e  d i s p o s e d  around the  
p e r i p h e r y  o f  t h e  b lock ,  each assembly s u p p o r t i n g  a sample 
s u b s t r a t e  i n  a p o s i t i o n  such t h a t  i t s  s u r f a c e  may b e  exposed 
f o r  p r o c e s s i n g .  Each assembly i n c l u d e s  a l a y e r  6 0  of 
r e f r a c t o r y  i n s u l a , t i o n ,  e l e c t r i c a l  hea t ing  e lement  6 2  disposed  

15 over t h e  i n s u l a t i o n  l a y e r ,  a metal h e a t  l e v e l e r  p l a t e  6 4 ,  
d i sposed  o v e r  and i n  c o n t a c t  w i t h  t h e  h e a t i n g  element, a 
thermocouple  66 i n  h e a t - t r a n s f e r  r e l a t i o n  w i t h  p l a t e  44 and a 
sample s u b s t r a t e  6 8  suppor ted  on t o p  o f  p l a t e  4 4 .  

05 

20 The s u p p o r t  b lock  54 i s  r o t a t a b l e  by s h a f t  74 t o  t h e  desired 
c i r c u m f e r e n t i a l  p o s i t i o n  for al ignment  of a p a r t i c u l a r  sample 
s u b s t r a t e  w i t h  M B E  g u n  2 0 .  A c i r c u l a r  cover p l a t e  70 has an 
opening 72 corresponding  in s i z e  t o  s u b s t r a t e  6 8  s o  t h a t  an 
incoming stream o f  vapor  may c o n t a c t  t h e  s u b s t r a t e .  Cover 70 
i s  secu red  t o  s h a f t  74 by n u t  76 .  25 

One embodiment of an M B E  g u n  22 for  p r o d u c i n g  and p r o j e c t i n g  
a s t r eam o f  vapor ized  ma te r i a l  i s  shown i n  F ig .  4 .  Inasmuch 
a s  conven t iona l  M B E  g u n s  f o r  use under a normal g r a v i t y  

melt  i n  t h e  p rope r  p o s i t i o n ,  a s p e c i a l  m i c r o g r a v i t y  design i s  
required.  The g u n  22 has a c y l i n d r i c a l  metal  housing 80 a n d  
l a y e r  o f  r e f r a c t o r y  i n s u l a t i o n  8 2  enc los ing  t h e  housing w i t h  
h e a t e r  wires 42 embedded i n  t he  i n s u l a t i o n  a d j a c e n t  t h e  

t j ~ ~ , ~ ~ l ; T c  -ttgWFe i s  d i s p o s e d  i n  t h e  form o f  a r i n g  i n  c o n t a c t  w i t h  the 
o b  ec- j a i n s i d e  o f  t h e  housing over  a s e c t i o n  ex tend ing  l o n g i t u d i n a l l y  
RxN fi'' t o  t h e  c e n t e r  of t h e  housing. The remainder  p o r t i o n  of t h e  

30 environment  r e l y  u p o n  g r a v i t a t i o n a l  e f f e c t s  t o  r e t a i n  t h e  

rJ 
.) 8' 

e\emal*r+a~ &I, AS, 
35 h o u s i n g .  A charge  86  of  process  ma te r i a l  such a s  -€SA+e+ 
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h o u s i n g  i s  p r o v i d e d  w i t h  an i n t e r n a l  b a r r i e r  l i n e s  92 h a v i n g  
a l i p  p r o j e c t i n g  t o w a r d  t h e  c l o s e d  end o f  t h e  h o u s i n g .  The 
h o u s i n g  has  an end p l a t e  88 p e n e t r a t e d  a t  i t s  c e n t e r  by  
o r i f i c e  90. O u t s i d e  t h e  h o u s i n g  a r o t a t a b l e  s h u t t e r  w i t h  an 

o p e r a t e s  b y  means o f  s u r f a c e  t e n s i o n  e f f e c t s  r e l a t e d  t o  
d i f f e r e n c e s  i n  w e t a b i l i t y  by t h e  c h a r g e  m a t e r i a l  o f  t h e  
h o u s i n g  s u r f a c e  a t  t h e  end o f  t h e  gun and l i n e r  82,  t h e  
f o r m e r  b u t  n o t  t h e  l a t t e r  b e i n g  w e t a b l e  by t h e  m e l t .  T h i s  

10 p r e v e n t s  t h e  m e l t  f r o m  s p r e a d i n g  t o  t h e  o r i f i c e  r e g i o n  where 
i t  c o u l d  b l o c k  t h e  o r i f i c e  r e g i o n  i n  l i q u i d  i n s t e a d  o f  v a p o r  
f o r m .  

05 o r i f i c e  98  i s  p r o v i d e d .  The gun shown i n  t h i s  embodiment 

F i g u r e  5 shows a n o t h e r  embodiment o f  an M B E  gun f o r  use  i n  
1 5  m i c r o g r a v i t y .  The gun has  a c y l i n d r i c a l  h o u s i n g  100 encased 

by  a l a y e r  o f  r e f r a c t o r y  i n s u l a t i o n  102 h a v i n g  h e a t e r  w i r e s  
104 embedded i n  t h e  i n s u l a t i o n  a d j a c e n t  t h e  h o u s i n g  s u r f a c e .  
An RF h e a t i n g  c o i l  106 i s  d i s p o s e d  i n  t h e  c e n t e r  o f  t h e  
h o u s i n g  c o i l  f o r  s u p p o r t  o f  a m a t e r i a l  c h a r g e  112 b y  means o f  

20 e l e c t r o m a g n e t i c  l e v i t a t i o n .  The h e a t i n g  c o i l  has  l e g s  108 
e x t e n d i n g  t h r o u g h  t h e  end o f  t h e  h o u s i n g  and a p l u r a l i t y  o f  
t u r n s  110  f o r m i n g  a c e n t r a l  l e v i t a t i o n  r e g i o n .  The h o u s i n g  
has  a c i r c u l a r  end p l a t e  114 p e n e t r a t e d  a t  i t s  c e n t e r  o r i f i c e  
116 f o r  p a s s a g e  o f  v a p o r i z e d  p r o c e s s  m a t e r i a l .  A r o t a t i n g  

25 s h u t t e r  118 w i t h  an o r i f i c e  120 i s  d i s p o s e d  o u t s i d e  t h e  
h o u s i n g ,  t h e  s h u t t e r  b e i n g  r o t a t a b l e  f o r  a l i g n m e n t  o f  
o r i f i c e s  1 1 6  and  118 i n  o p e r a t i o n .  Use o f  n o n - c o n t a c t  
p o s i t i o n i n g  p r e v e n t s  any c o n t a i n e r  - i n d u c e d  c o n t a m i n a t i o n .  

30 The s t e p s  to b e  used  i n  d e p l o y i n g  t h e  wake s h i e l d  f a c i l i t y ,  
p r e p a r i n g  i t  f o r  o p e r a t i o n ,  o p e r a t i n g  t h e  f a c i l i t y  and 
r e t r i e v i n g  i t  a r e  shown i n  F i g .  1. I n  F i g .  la t h e  a p p a r a t u s  
1 0  i s  shown b e i n g  d e p l o y e d  f r o m  t h e  c a r g o  b a y  132 o f  t h e  
Space S h u t t l e  by  means o f  boom arm 134. The wake s h i e l d  i s  

35 i n i t i a l l y  d e p l o y e d  w i t h  convex s i d e  14 f a c i n g  f o r w a r d  t o  
e n a b l e  e x p o s u r e  o f  t h a t  s i d e  t o  t h e  f l u x  o f  a t o m i c  oxygen 
e x i s t i n g  i n  space.  
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As s h o w n  in  F i g .  l b  a f t e r  b e i n g  r e l e a s e d  so a s  t o  o p e r a t e  in  
a f r e e - f l y e r  mode t h e  wake s h i e l d  i s  o r b i t e d  with t h e  convex 
s i d e  i n  t h e  f o r w a r d  or ram d i r e c t i o n  i n  o r d e r  t o  c l ean  i t s  
s u r f a c e .  Atomic oxygen i s  very e f f e c t i v e  i n  removing any 

05 remaining hydrocarbon contaminants on t h e  s u r f a c e  t h a t  could 
o u t g a s  a n d  cause b a c k s c a t t e r i n g  t o  t h e  m a t e r i a l  s u r f a c e  being 
processed .  

The wake s h i e l d  i s  then o r i e n t e d  t o  p o i n t  d i r e c t l y  t o w a r d  t h e  
10 s u n  a s  shown i n  F i g .  IC. The po l i shed  metal s u r f a c e  of t h e  

wake s h i e l d  becomes h o t  when f a c i n g  the s u n  o w i n g  t o  t h e  low 
e m i s s i v i t y  of t h e  s t a i n l e s s  s t e e l  s u r f a c e ,  a n d  such h e a t i n g  
s e r v e s  t o  e f f e c t i v e l y  bake-out t h e  f a c i l i t y  a n d  f u r t h e r  
reduce o u t g a s s i n g .  A f t e r  bake-out t h e  wake s h i e l d  i s  

15  o r i e n t e d  a s  shown i n  F i g .  Id with concave s i d e  24 i n  t h e  ram 
d i r e c t i o n  a n d  convex s i d e  14  i n  t h e  wake d i r e c t i o n  f o r  
reasons  d i scussed  above, and  p rocess ing  f i x t u r e s  2 0 ,  22  a r e  
deployed outwardly by arms 18 t o  t h e i r  o p e r a t i n g  p o s i t i o n .  
Process  o p e r a t i o n  i s  then s t a r t e d .  Upon completion o f  

20  p r o c e s s i n g ,  a p p a r a t u s  10 i s  r e t r i e v e d  by boom arm 134 f o r  
re turn t o  cargo  bay 132. 

F i g .  6 shows a p r i o r  a r t  wake s h i e l d  122 wherein t h e  
experiment reg ion  1 2 4  inc luding  t h e  m a t e r i a l  t o  be processed 

25 a s  well a s  s u p p o r t  equipment i s  l o c a t e d  o n  t he  concave s i d e  
o f  the s h i e l d  f a c i n g  t h e  wake d i r e c t i o n .  A s  dep ic t ed  reg ion  
1 2 4  i s  s u s c e p t i b l e  t o  contamination by o u t g a s s i n g  molecules 
f rom t h e  w a l l s  land  by backsca t t e red  molecules  p r o d u c e d  by 
c o l l i s i o n  of thermal outgassed molecules  w i t h  h i g h  energy 

30 ambient molecules .  These phenomena p l ace  a p r a c t i c a l  l i m i t  
o n  t h e  l e v e l  of vacuum t h a t  c a n  be maintained a t  t h e  
experiment  reg ion  in  t h i s  type of f a c i l i t y .  

F i g .  7 shows a wake sh i e ld  126 embodying t h i s  inven t ion  

s i d e  f a c i n g  t h e  wake d i r e c t i o n  a n d  the s u p p o r t  equipment i s  
on t h e  concave s i d e  fac ing  the  ram d i r e c t i o n .  As shown 
ou tgass ing  molecules from the  ram s i d e  a n d  ambient s c a t t e r e d  

35 wherein t h e  experiment  region 128 i s  placed on t h e  convex 
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mol ecul  e s  a r e  prevented  from reaching  t h e  e x p e r i n e n t  r e g i o n ,  
a n d  a h i g h e r  l e v e l  of v a c u u m  i s  ma in ta inab le  a t  t h a t  
1 o c a t i o n .  

In order  t o  avo id  loss  o f  vacuum l e v e l  by con tamina t ion . f rom 
space s h u t t l e  o r  o t h e r  space  v e h i c l e ,  i t  i s  p r e f e r r e d  t o  
o p e r a t e  t h e  wake s h i e l d  f a c i l i t y  as a f r e e - f l y e r  remote from 
o t h e r  space  v e h i c l e s .  When Space S t a t i o n  becomes a v a i l a b l e  
t he  wake s h i e l d  could be s e r v i c e d  i n  o r b i t  from t h e  s t a t i o n .  
Equipment and supp l i e s  necessa ry  f o r  s e l f - s u s t a i n i n g  
o p e r a t i o n  would be provided i n  t h e  form of  packages o r  
modules c o n t a i n e d  i n  the suppor t  a r e a  a s  d e s c r i b e d  above. 
A t t i t u d e  c o n t r o l  d u r i n g  f l i g h t  as wel l  a s  d u r i n g  p r e p a r a t o r y  
maneuvers a s  d e s c r i b e d  above would be ob ta ined  by use o f  
conven t iona l  CMG d e v i c e s  or  o t h e r  o r i e n t a t i o n  c o n t r o l  d e v i c e s  
such a s  t h r u s t e r s  o r  magnetic t o r q u e r s .  

In a d d i t i o n  t o  M B E  and vapor phase e p i t a x i a l  c r y s t a l  g r o w t h  
p rocesses  t h e  wake s h i e l d  f a c i l i t y  of t h i s  i n v e n t i o n  may be 
adapted  f o r  performance of  v a r i o u s  o t h e r  p rocesses  r e q u i r i n g  
an u l t r a - h i g h  vacuum, i n c l u d i n g  c o a t i n g  of  l a r g e  m i r r o r s  o r  
o t h e r  o p t i c a l  components, m a t e r i a l  u l  t r a - p u r i f i c a t i o n  
p r o c e s s e s ,  and fundamental  r e s e a r c h  on u l t r a - c l e a n  s u r f a c e s .  

Although t h e  wake s h i e l d  i n  the  embodiment desc r ibed  above i s  
i n  t h e  shape  of  a t r u n c a t e d  hemispherical  s e c t i o n ,  o t h e r  
convex c u r v e ,  hemispher ica l  or con ica l  shapes t h a t  a r e  
concave t o  t h e  ram d i r e c t i o n  may be used. 

The i n v e n t i o n  provides  v a s t l y  h ighe r  vacuum l e v e l s  than  
ground-based UHV chambers and reduces contaminat ion  e f f e c t s  
i n h e r e n t  i n  p r i o r  space v a c u u m  f a c i l i t y  concepts .  Cost and 
complexi ty  o f  f i n a l  c l e a n i n g  and bake-out s teps  i n  o r b i t  a r e  
g r e a t l y  reduced by use o f  t h e  n a t u r a l  environment ,  t h a t  i s ,  
a tomic oxygen and s o l a r  hea t ing  i n  performing t h e s e  s t e p s  
p r i o r  t o  o p e r a t i o n .  T h e  c a p a b i l i t y  f o r  performing M B E  
p rocesses  u n d e r  con tamina t ion - f r ee  c o n d i t i o n s  and much h ighe r  
vacuum l e v e l s  enhances t h i s  impor tan t  process  i n  i t s  a b i l i t y  
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t o  f a b r i c a t e  u l t r a s t r u c t u r a l  e l e c t r o n i c  a n d  p h o t o n i c  
m a t e r i a l s  t o  atomic p r e c i s i o n  wi th  unprecedented p u r i t y .  
E l e c t r o n i c  p r o p e r t i e s  o f  such m a t e r i a l s  c a n  be engineered t o  
s p e c i f i c  dev ice  a p p l i c a t i o n s ,  which t r a n s l a t e s  i n t o  v a s t  

05 improvements i n  dev ice  performance.. 

While a p r e f e r r e d  embodiment o f  t h e  i n v e n t i o n  h a s  been 
d e s c r i b e d  using s p e c i f i c  te rms ,  such d e s c r i p t i o n  i s  f o r  
i l l u s t r a t i v e  purposes o n l y ,  a n d  i t  i s  t o  be understood t h a t  

10 changes and v a r i a t i o n s  may be made wi thou t  d e p a r t i n g  from t h e  ' 

s p i r i t  o r  scope o f  t h e  fo l lowing  c l a ims .  
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